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Abstract

Rationale: In the randomized placebo-controlled FIBRONEER-IPF trial in patients with idiopathic pulmonary fibrosis, both ner-
andomilast 9 mg bid and 18 mg bid met the primary endpoint of reducing decline in forced vital capacity at week 52. Patients
continued to receive randomized treatment after week 52, until the last patient had completed an end-of-treatment visit.

Objectives: To assess the effects of nerandomilast over the full duration of follow-up in the FIBRONEER-IPF trial.

Methods: Time to first acute exacerbation of IPF, hospitalization for respiratory cause, or death (key secondary endpoint) and
other time-to-event endpoints were assessed at final database lock.

Measurements and main results: 1177 patients were treated. Mean (SD) exposure to trial medication was 14.8 (5.0), 14.9 (5.0)
and 14.7 (5.3) months in the placebo, nerandomilast 9mg bid and nerandomilast 18 mg bid groups, respectively. Compared
with placebo, the hazard ratio (95% Cl) for the key secondary endpoint was 0.92 (0.69, 1.22) for nerandomilast 9 mg bid and
0.99 (0.75, 1.31) for nerandomilast 18 mg bid and the hazard ratio (95% Cl) for death was 0.95 (0.61, 1.49) for nerandomilast
9mg bid and 0.66 (0.41, 1.08) for nerandomilast 18 mg bid. Adverse events led to treatment discontinuation in 13.0%, 13.5%
and 16.1% of the placebo, nerandomilast 9 mg bid and nerandomilast 18 mg bid groups, respectively.

Conclusions: In the FIBRONEER-IPF trial, nerandomilast had no effect on the composite endpoint of time to first acute exacer-
bation of IPF, hospitalization for respiratory cause, or death, but nerandomilast 18 mg bid was associated with a numerically
lower risk of death. Nerandomilast had a favorable safety profile, with a low rate of discontinuation due to adverse events.

A podcast is available for this article at https://www.globalmedcomms.com/respiratory/CottinandSolheim/FIBRONEER-IPF

IntrOd UCtion mortality’. There are two approved drugs for IPF: nintedanib and
pirfenidone. These treatments slow decline in lung function but
Idiopathic pulmonary fibrosis (IPF) is an interstitial lung dis- have limited tolerability?®. There remains a need for therapies

ease associated with progressive loss of lung function and high that improve clinical outcomes in patients with IPF and have a

Received: May 15, 2025. Accepted: November 11,2025

© The Author(s) 2026. Published by Oxford University Press on behalf of the American Thoracic Society.

This is an Open Access article distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted reuse, distribution,
and reproduction in any medium, provided the original work is properly cited.

920z AeN G| U0 1saNnB AQ 00EY6Y8/2.6/S/Z | 2/aI01E/WIDIlE/W0d"dNO"d1WapED.//:SA)Y WOy PapEOjuMOd


https://doi.org/10.1093/ajrccm/aamag058
https://orcid.org/0000-0002-5591-0955
mailto:oldhamj@med.umich.edu
http://www.atsjournals.org
https://www.globalmedcomms.com/respiratory/CottinandSolheim/FIBRONEER-IPF
https://creativecommons.org/licenses/by/4.0/

American Journal of Respiratory and Critical Care Medicine, 2026, Vol. 212, No. 5

973

tolerability profile that enables patients to remain on treatment.
Nerandomilast (Bl 1015550) is an orally administered preferential
inhibitor of phosphodiesterase 4B (PDE4B) that has antifibrotic
and immunomodulatory properties®®. The Phase Il randomized
placebo-controlled FIBRONEER-IPF trial investigated the efficacy
and safety of nerandomilast 9 mg bid and 18 mg bid, used as mon-
otherapy or as add-on to background nintedanib or pirfenidone,
in patients with IPF°. The primary endpoint, change in forced vital
capacity (FVC) (mL) at week 52, was met for both doses of neran-
domilast, but a drug-drug interaction, which reduced plasma lev-
els of nerandomilast by about 50% in patients taking pirfenidone,
meant that the 9 mg bid dose of nerandomilast was not effective
in patients taking pirfenidone®.

In the FIBRONEER-IPF trial, patients continued to receive blind-
ed randomized treatment after week 52. The results observed at
the first database lock, which took place after the last patient had
completed the week 52 visit and so the primary endpoint could be
assessed, have been reported®. The final database lock took place
once all patients had completed an end-of-treatment visit. The
data available at final database lock provide the longest period of
follow-up for assessment of time-to-event endpoints, changes in
FVC, and adverse events in patients treated with nerandomilast ver-
sus placebo. Here, we report the data from the final database lock.

Methods

Trial design

The design of the FIBRONEER-IPF trial has been described'® and
the protocol is publicly available®. Briefly, eligible patients had IPF
according to current guidelines™, a usual interstitial pneumonia
(UIP) or probable UIP pattern on high-resolution computed to-
mography (confirmed by central review), FVC 245% predicted and
diffusion capacity of the lungs for carbon monoxide (DLco) (cor-
rected for hemoglobin) 225% predicted. Patients who had taken a
stable dose of nintedanib or pirfenidone for=12 weeks, and those
who had not taken nintedanib or pirfenidone for=8 weeks, were
eligible to participate.

Patients were randomized 1:1:1 to receive nerandomilast 9mg
bid, nerandomilast 18 mg bid, or placebo, stratified by back-
ground therapy (nintedanib/pirfenidone versus neither). Visits
occurred at baseline, at weeks 2, 6, 12, 18, 26, 36, 44 and 52, and
every 12 weeks thereafter, with a follow-up visit performed 7 days
after the end of treatment. Patients continued to receive blinded
randomized treatment until the end of the trial. The final database
lock took place after all patients had completed an end-of-treat-
ment visit. Patients who completed the trial on-treatment were
eligible to enter an open-label study, in which all patients received
nerandomilast (FIBRONEER-ON; NCT06238622).

The key secondary endpoint was time to first acute exacerba-
tion of IPF, hospitalization for respiratory cause, or death, over the
whole trial. Acute exacerbations of IPF were defined according to
consensus criteria'>. Acute exacerbations of IPF and hospitaliza-
tions for respiratory cause were reported by the investigators and
not adjudicated. Secondary time-to-event endpoints were time
to first acute exacerbation of IPF or death; time to first hospital-
ization for respiratory cause or death; time to absolute decline in
FVC % predicted>10% or death; time to absolute decline in DLco
% predicted>15% or death; and time to death, over the whole

trial. Further time-to-event endpoints include time to first acute
exacerbation of IPF and time to first hospitalization for respiratory
cause over the whole trial. Time to respiratory-related death over
the whole trial was analyzed post-hoc. All other analyses were
pre-specified.

Safety was assessed via the recording of adverse events and clin-
ical monitoring. Adverse events were coded based on preferred
termsin the Medical Dictionary for Regulatory Activities (MedDRA)
v27.1. Depression and suicidal ideation and behavior are adverse
events associated with marketed PDE4 inhibitors'>'“. Inhibitors of
PDE4 have been associated with vasculitis in pre-clinical toxico-
logy studies **'°. Thus, these adverse events were of interest in the
FIBRONEER-IPF trial.

The trial was carried out in compliance with the protocol and in
accordance with the principles of the Declaration of Helsinki, the
International Council for Harmonization Harmonized Tripartite
Guideline for Good Clinical Practice, applicable regulatory re-
quirements and standard operating procedures. All patients pro-
vided written informed consent prior to entering the trial.

Analyses

Analyses were conducted in patients who received =1 dose of trial
medication. The key secondary endpoint and secondary time-to-
event endpoints were analyzed using a Cox proportional hazards
model adjusted for baseline background therapy (nintedanib/
pirfenidone) (yes/no), age, FVC % predicted, DLco % predicted
(corrected for hemoglobin) and treatment. The key secondary
endpoint and time to death were analyzed in the overall popu-
lation and in subgroups by background therapy (nintedanib, pir-
fenidone, none). In the subgroup analyses by background therapy,
baseline background therapy use (yes/no) was replaced by type of
baseline therapy (nintedanib, pirfenidone, none), treatment and
type of baseline therapy-by-treatment interaction as covariates
in the models. Interaction p-values were calculated as an indica-
tor of the potential heterogeneity of the effect of nerandomilast
versus placebo across subgroups.

Change from baseline in FVC (mL) over the whole trial was based
on a mixed model for repeated measures, with fixed categorical ef-
fects of treatment at each visit, baseline therapy at each visit (yes/
no), fixed continuous effects of baseline FVC (mL) at each visit and
unstructured covariance for repeated measures. Unlike in the anal-
ysis of the primary endpoint, in which missing data due to death
were imputed based on the tenth percentile of observed values
across all treatment arms at the respective visit’, in the analysis
of change in FVC over the whole trial, missing data were not im-
puted. The mixed model for repeated measures implicitly handles
missing data under an assumption that they are missing at random
(ie, it assumes that missing data would follow the trend of the ob-
served data within the same treatment group).

Results

Patients

A total of 1177 patients received trial medication (393 placebo, 392
nerandomilast 9mg bid, 392 nerandomilast 18 mg bid). Of these,
535 (45.5%) were taking nintedanib, 380 (32.3%) pirfenidone and
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262 (22.3%) neither nintedanib nor pirfenidone. The baseline char-
acteristics of the overall population and subgroups by use of back-
ground antifibrotic therapy have been described®. Overall, mean
(SD) age was 70.2 (7.7) years, FVC was 78.2 (17.3) % predicted and
DLco was 50.9 (16.3) % predicted. Mean (SD) exposure to trial med-
ication (time over which trial medication was taken irrespective of
treatment interruptions) in the placebo, nerandomilast 9mg bid
and nerandomilast 18 mg bid groups, respectively was 13.3 (4.3)
months, 13.4 (4.3) months and 13.2 (4.6) months up to the first da-
tabase lock and 14.8 (5.0), 14.9 (5.0) and 14.7 (5.3) months up to the
final database lock. Mean (SD) observation time (time over which
endpoints were assessed) in the placebo, nerandomilast 9mg bid
and nerandomilast 18 mg bid groups, respectively was 14.4 (3.0)
months, 14.6 (2.8) months and 14.6 (2.7) months up to the first data-
base lock and 16.3 (3.5), 16.4 (3.2) and 16.4 (3.2) months up to the fi-
nal database lock. Overall, 85.2% of patients completed the planned
observation period up to the final database lock (Figure E1).

Changes in FVC

The FVC curves for nerandomilast and placebo continued to diverge
beyond week 52 (Figure 1). At the final database lock, 650 patients
had completed FVC assessments at week 76. Adjusted mean (SE)
changes from baseline in FVC at week 76 were -262.4 (17.6) mL in
the placebo group, -165.1 (17.4) mL in the nerandomilast 9 mg bid
group, and -138.3 (17.4) mL in the nerandomilast 18 mg bid group.
Adjusted mean (95% Cl) differences in change in FVC (mL) at week
76 versus placebo were 97.3 (48.9, 145.8) with nerandomilast 9mg
bid and 124.1 (75.7, 172.6) with nerandomilast 18 mg bid (Figure 2).
Changes from baseline in FVC (mL) at week 76 in subgroups by use
of background therapy are shown in Figure 2.

Key secondary endpoint and other
secondary time-to-event endpoints

For all these endpoints, there was an increase in the number of
events between the first and final database locks, with a smaller

Figure 1 Change from baseline in FVC (mL) over 76 weeks.

increase in the nerandomilast groups than in the placebo group
(Table E1). The key secondary endpoint and secondary time-to-
event endpoints up to the first and final database locks are shown
in Figure E2. Up to the final database lock, the key secondary
endpoint was met by 26.2%, 23.0% and 23.7% of patients in the
placebo, nerandomilast 9mg bid and nerandomilast 18 mg bid
groups, respectively. Compared with placebo, the hazard ratio
for this endpoint was 0.92 (95% Cl: 0.69, 1.22) for nerandomilast
9mg bid and 0.99 (95% Cl: 0.75, 1.31) for nerandomilast 18 mg bid
(Figure 3). Among patients not taking background therapy, the
hazard ratio vs placebo was 0.47 (95% Cl: 0.26, 0.88) for neran-
domilast 9mg bid and 0.62 (95% Cl: 0.35, 1.10) for nerandomilast
18 mg bid (Figure 4 and Figure E3). Among patients taking back-
ground nintedanib, the hazard ratio vs placebo was 0.98 (95% Cl:
0.63, 1.53) for nerandomilast 9 mg bid and 1.07 (95% CI: 0.70, 1.64)
for nerandomilast 18 mg bid. Among patients taking background
pirfenidone, the hazard ratio vs placebo was 1.30 (95% ClI: 0.80,
2.12) for nerandomilast 9 mg bid and 1.28 (95% Cl: 0.77, 2.12) for
nerandomilast 18 mg bid.

Overall, 17.3%, 15.6% and 13.8% of patients in the placebo, ner-
andomilast 9 mg bid and nerandomilast 18 mg bid groups, respec-
tively, had an acute exacerbation of IPF or died. Compared with
placebo, the hazard ratio was 0.97 (95% Cl: 0.69, 1.38) for neran-
domilast 9mg bid and 0.87 (95% Cl: 0.61, 1.24) for nerandomilast
18 mg bid (Figure 3). In total, 23.9%, 20.2% and 21.4% of patients
in the placebo, nerandomilast 9mg bid and nerandomilast 18 mg
bid groups, respectively, were hospitalized for a respiratory cause
or died. The hazard ratio vs placebo was 0.89 (95% Cl: 0.66, 1.20)
for nerandomilast 9 mg bid and 0.97 (95% CI: 0.73, 1.31) for neran-
domilast 18 mg bid (Figure 3). Findings on these endpoints in sub-
groups by background therapy are shown in Figure E4 and Figure
ES5. Data on the three individual components of the key secondary
endpoint are shown in Table E2.

Deaths occurred in 10.7% of patients in the placebo group, 9.2%
of patients in the nerandomilast 9mg bid group and 6.6% of pa-
tients in the nerandomilast 18 mg bid group (Figure 5). Compared
with placebo, the hazard ratio for death was 0.95 (95% Cl: 0.61,
1.49) for nerandomilast 9 mg bid and 0.66 (95% ClI: 0.41, 1.08) for
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Figure 2 Change from baseline in FVC (mL) over 76 weeks in all patients (A), patients not taking background therapy (B), patients taking background

nintedanib (C) and patients taking background pirfenidone (D).

nerandomilast 18 mg bid (Figure 3). Among patients not taking
background therapy, the hazard ratio vs placebo for death was
0.56 (95% ClI: 0.21, 1.49) for nerandomilast 9 mg bid and 0.26 (95%
Cl:0.07,0.91) for nerandomilast 18 mg bid (Figure 6 and Figure E6).
Among patients taking background nintedanib, the hazard ratio vs
placebo was 1.02 (95% ClI: 0.51, 2.04) for nerandomilast 9 mg bid
and 0.64 (95% ClI: 0.30, 1.37) for nerandomilast 18 mg bid. Among
patients taking background pirfenidone, the hazard ratio vs pla-
cebo was 1.23 (95% Cl: 0.58, 2.59) for nerandomilast 9 mg bid and
1.12 (95% Cl: 0.51, 2.47) for nerandomilast 18 mg bid.
Adjudication of causes of death indicated that 6.4%, 5.9% and
4.1% of patients in the placebo group, nerandomilast 9 mg bid
group and nerandomilast 18 mg bid group, respectively, died from

a respiratory-related cause (Table E3). Compared with placebo,
the hazard ratio for respiratory-related death was 1.04 (95% CI:
0.59, 1.83) for nerandomilast 9 mg bid and 0.70 (95% Cl: 0.37, 1.32)
for nerandomilast 18 mg bid.

Overall, 38.9%, 33.7% and 29.6% of patients in the placebo, ner-
andomilast 9 mg bid and nerandomilast 18 mg bid groups, respec-
tively, had an absolute decline in FVC % predicted>10% or died.
The hazard ratio vs placebo was 0.85 (95% Cl: 0.67, 1.07) for neran-
domilast 9mg bid and 0.75 (95% Cl: 0.59, 0.95) for nerandomilast
18 mg bid (Figure 3). A total of 22.9%, 20.9% and 19.9% of patients
in the placebo, nerandomilast 9mg bid and nerandomilast 18 mg
bid groups, respectively, had an absolute decline in DLco % pre-
dicted>15% or died. The hazard ratio vs placebo was 0.90 (95%
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Figure 3 Key secondary and secondary time-to-event endpoints up to final database lock for nerandomilast 9 mg bid (A) and nerandomilast 18 mg bid

(B) versus placebo.

Cl: 0.67, 1.22) for nerandomilast 9 mg bid and 0.84 (95% Cl: 0.62,
1.15) for nerandomilast 18 mg bid. Findings on these endpoints
in subgroups by background therapy are shown in Figure E7 and
Figure E8.

Adverse events

Up to the final database lock, adverse events led to treatment dis-
continuation in 13.0%, 13.5% and 16.1% of patients in the place-
bo, nerandomilast 9 mg bid and nerandomilast 18 mg bid groups,
respectively. In these treatment groups, respectively, adverse
events led to treatment discontinuation in 12.6%, 10.2% and 9.2%
of patients not taking background therapy; 13.9%, 18.5% and
23.0% of patients taking background nintedanib; and 12.0%, 8.3%
and 11.0% of patients taking background pirfenidone.

The most frequently reported adverse event was diarrhea
(Table E4). In the placebo, nerandomilast 9mg bid and neran-
domilast 18 mg bid groups, respectively, diarrhea was report-
ed in 8.0%, 17.0% and 27.6% of patients not taking background
therapy; 31.2%, 50.5% and 62.4% of patients taking background
nintedanib; and 8.3%, 15.0% and 24.4% of patients taking back-
ground pirfenidone and led to treatment discontinuation in 0%,
0% and 1.1% of patients not taking background therapy; 1.2%,
2.2% and 12.9% of patients taking background nintedanib; and
0%, 2.5% and 0% of patients taking background pirfenidone.
Among patients who had diarrhea adverse events, the worst
event was rated as mild or moderate (CTCAE grade 1 or 2) in most
patients (Table E5).

Serious adverse events were balanced across treatment groups
(Table E6). There were no imbalances in psychiatric adverse
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Figure 4 Key secondary endpoint (time to first acute exacerbation of IPF, hospitalization for respiratory cause, or death) up to final database lock for
nerandomilast 9 mg bid (A) and nerandomilast 18 mg bid (B) versus placebo by background therapy.

Figure 5 Time to death up to final database lock.
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Figure 6 Time to death up to final database lock for nerandomilast 9 mg bid (A) and nerandomilast 18 mg bid (B) versus placebo by background therapy.

events, vasculitis, or drug-induced liver injury across the treat-
ment groups (Table E7).

Discussion

These analyses of data from the FIBRONEER-IPF trial showed con-
tinued efficacy of nerandomilast 9 mg bid and 18 mg bid in slowing
the progression of IPF, as shown by continued divergence of the
FVC curves up to week 76. As observed at the first database lock,
at the final database lock, nerandomilast had no effect on the key
secondary endpoint of time to first acute exacerbation of IPF, hos-
pitalization for respiratory cause, or death. This may reflect the
challenges in identifying events such as acute exacerbation of IPF
and hospitalization for respiratory cause in international trials'’.
However, for both doses of nerandomilast, at the final database
lock, there was a numerical reduction in the risk of this composite
endpoint in patients not taking background therapy. Further, for

nerandomilast 18 mg bid, there was a numerical reduction in the
risk of death versus placebo (hazard ratio 0.66 [95% Cl: 0.41, 1.08]),
with a greater effect in patients not taking background therapy. The
majority of deaths were adjudicated to have a respiratory cause.
The reductions in FVC decline and death seen in this trial provide
further support for decline in FVC as an indicator of mortality risk in
patients with IPF**-2°, Nerandomilast 18 mg bid was also associated
with a numerical reduction in the risk of an absolute decline in FVC
% predicted>10% or death, which is generally regarded as indicat-
ing clinically significant disease progression in patients with IPF.
Of note, recruitment for the FIBRONEER-IPF trial was much faster
than expected, with screening being completed in about 7months
rather than the planned 15months. This reduced the follow-up
time for time-to-event endpoints such as death and so hindered
ascertainment of the effect of nerandomilast on these endpoints.
Between the first and final database locks, the number of events
included in the key secondary endpoint increased by 17% (from
244 10 286) and the number of deaths increased by 39% (from 75 to
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104). This was accompanied by a shift in the hazard ratios for these
endpoints to be more in favor of nerandomilast. These data sug-
gest that while it may be possible to discern a difference between
active treatment and placebo groups in change in FVC at an early
time-point in clinical trials, a greater observation time is needed to
identify effects on clinically meaningful outcomes such as death.

The adverse event profile of nerandomilast with longer-term ex-
posure was consistent with that observed over the first 52 weeks?,
with no additional safety concerns identified. Nerandomilast was
well tolerated: in patients not taking background therapy, ad-
verse events leading to treatment discontinuation were no more
common in patients who received nerandomilast than placebo.
Discontinuation of nerandomilast due to diarrhea was infrequent
except in patients taking nerandomilast 18 mg bid with back-
ground nintedanib. Psychiatric adverse events, vasculitis and
drug-induced liver injury were balanced across treatment groups.

Limitations of these analyses include the limited trial duration,
which restricted the numbers of events, particularly deaths, in
subgroups by background therapy. Acute exacerbations of IPF
and hospitalizations for respiratory cause were not adjudicated.
The interaction between nerandomilast and pirfenidone, which
reduced plasma levels of nerandomilast in patients taking pir-
fenidone®, needs to be considered in the interpretation of the
data from this trial. The size of certain subgroups was small, eg,
patients not on background therapy, which limits the reliability of
the observed effect on events with lower prevalence such as mor-
tality. P-values were not adjusted for multiple testing.

In conclusion, data from the FIBRONEER-IPF trial showed that
FVC curves for nerandomilast and placebo continued to diverge up
to week 76. Nerandomilast had no effect on time to first acute exac-
erbation of IPF, hospitalization for respiratory cause, or death, but
nerandomilast 18 mg bid was associated with a numerically low-
er risk of death, and of decline in FVC % predicted>10% or death.
Nerandomilast had a favorable safety and tolerability profile.

Supplementary material

Supplementary material is available at American Journal of
Respiratory and Critical Care Medicine online.

Acknowledgements

The authors meet criteria for authorship as recommended by the
International Committee of Medical Journal Editors (ICMJE). The
authors did not receive payment for development of this manu-
script. Writing assistance was provided by Julie Fleming and Wendy
Morris of Fleishman-Hillard, London, U.K., which was contracted
and funded by Boehringer Ingelheim. Boehringer Ingelheim was
given the opportunity to review the manuscript for medical and
scientific accuracy as well as intellectual property considerations.

Data sharing statement

To ensure independent interpretation of clinical study results and
enable authors to fulfill their role and obligations under the ICMJE
criteria, Boehringer Ingelheim grants all authors access to relevant
clinical study data. In adherence with the Boehringer Ingelheim
Policy on Transparency and Publication of Clinical Study Data,

scientific and medical researchers can request access to clinical
study data, typically one year after the approval has been granted
by major regulatory authorities or after termination of the devel-
opment program. Researchers should use https://vivli.org/ to
request access to study data and visit https://www.mystudywin-
dow.com/msw/datasharing for further information.

Author contributions

Allauthors were involved in the design of the study and in the inter-
pretation of the data. YL was involved in the analysis of the data.
All authors were involved in drafting the work or reviewing it criti-
cally forimportant intellectual content. All authors have approved
the final version.

Conflicts of interest

Please see the ICMJE disclosure forms, which have been provided
as supplementary material.

Funding

The FIBRONEER-IPF trial was supported by Boehringer Ingelheim
International GmbH.

References

1. Maher TM. Interstitial lung disease: a review. JAMA.
2024;331:1655-1665. https://doi.org/10.1001/jama.2024.3669

2. Richeldi L, Du Bois RM, Raghu G, et al. INPULSIS Trial
Investigators. Efficacy and safety of nintedanib in idiopathic
pulmonary fibrosis. N Engl J Med. 2014;370:2071-2082. https://
doi.org/10.1056/NEJMoal402584

3. King TE, Bradford WZ, Castro-Bernardini S, et al. ASCEND
Study Group. A phase 3 trial of pirfenidone in patients with idi-
opathic pulmonary fibrosis. N Engl J Med. 2014;370:2083-2092.
https://doi.org/10.1056/NEJM0a1402582

4. Gulati S, Luckhardt TR. Updated evaluation of the safety,
efficacy and tolerability of pirfenidone in the treatment of
idiopathic pulmonary fibrosis. Drug Healthc Patient Saf.
2020;12:85-94. https://doi.org/10.2147/DHPS.5224007

5. Podolanczuk AJ, Cottin V. A narrative review of real-world
data on the safety of nintedanib in patients with idiopathic
pulmonary fibrosis. Adv Ther. 2023;40:2038-2050. https://doi.
org/10.1007/s12325-023-02454-9

6. Herrmann FE, Hesslinger C, Wollin L, Nickolaus P. Bl 1015550
is a PDE4B inhibitor and a clinical drug candidate for the oral
treatment of idiopathic pulmonary fibrosis. Front Pharmacol.
2022;13:838449. https://doi.org/10.3389/fphar.2022.838449
Erratum in: Front Pharmacol 2023; 14:1219760.

7. Reininger D, Fundel-Clemens K, Mayr CH, et al. PDE4B inhi-
bition by nerandomilast: effects on lung fibrosis and tran-
scriptome in fibrotic rats and on biomarkers in human lung
epithelial cells. Br J Pharmacol. 2024;181:4766-4781. https://
doi.org/10.1111/bph.17303

8. Reininger D, Wolf F, Mayr CH, et al. Insights into the cellular
and molecular mechanisms behind the antifibrotic effects

920z AeN G| U0 1saNnB AQ 00EY6Y8/2.6/S/Z | 2/aI01E/WIDIlE/W0d"dNO"d1WapED.//:SA)Y WOy PapEOjuMOd


https://academic.oup.com/ajrccm//article-lookup/doi/10.1093/ajrccm/aamag058#supplementary-data
https://vivli.org/
https://www.mystudywindow.com/msw/datasharing
https://www.mystudywindow.com/msw/datasharing
https://academic.oup.com/ajrccm//article-lookup/doi/10.1093/ajrccm/aamag058#supplementary-data
https://doi.org/10.1001/jama.2024.3669
https://doi.org/10.1056/NEJMoa1402584
https://doi.org/10.1056/NEJMoa1402584
https://doi.org/10.1056/NEJMoa1402582
https://doi.org/10.2147/DHPS.S224007
https://doi.org/10.1007/s12325-023-02454-9
https://doi.org/10.1007/s12325-023-02454-9
https://doi.org/10.3389/fphar.2022.838449
https://doi.org/10.1111/bph.17303
https://doi.org/10.1111/bph.17303

980

American Journal of Respiratory and Critical Care Medicine, 2026, Vol. 212, No. 5

10.

11.

12.

13.

14.

15.

© The Author(s) 2026. Published by Oxford University Press on behalf of the American Thoracic Society.

of nerandomilast. Am J Respir Cell Mol Biol. 2025;73:700-712.
https://doi.org/10.1165/rcmb.2024-06140C

. Richeldi L, Azuma A, Cottin V, et al. FIBRONEER-IPF Trial

Investigators. Nerandomilast in patients with idiopathic pul-
monary fibrosis. N Engl J Med. 2025;392:2193-2202. https://
doi.org/10.1056/NEJM0a2414108

Richeldi L, Azuma A, Cottin V, et al. Design of a phase lII,
double-blind, randomised, placebo-controlled trial of BI
1015550 in patients with idiopathic pulmonary fibrosis
(FIBRONEER-IPF). BMJ Open Respir Res. 2023;10:e001563.
https://doi.org/10.1136/bmjresp-2022-001563

Raghu G, Remy-Jardin M, Richeldi L, et al. Idiopathic pulmo-
nary fibrosis (an update) and progressive pulmonary fibrosis
in adults: an official ATS/ERS/JRS/ALAT clinical practice guide-
line. Am J Respir Crit Care Med. 2022;205:e18-e47. https://doi.
org/10.1164/rccm.202202-0399ST

Collard HR, Ryerson CJ, Corte TJ, et al. Acute exacerbation of
idiopathic pulmonary fibrosis. An international working group
report. Am J Respir Crit Care Med. 2016;194:265-275. https://
doi.org/10.1164/rccm.201604-0801Cl

Janjua S, Fortescue R, Poole P. Phosphodiesterase-4 inhibitors
for chronic obstructive pulmonary disease. Cochrane Database
Syst Rev. 2020;5:CD002309. https://doi.org/10.1002/14651858.
CD002309.pub6

Mease PJ, Hatemi G, Paris M, et al. Apremilast long-term safety
up to 5 years from 15 pooled randomized, placebo-controlled
studies of psoriasis, psoriatic arthritis, and Behcet’s syndrome.
Am J Clin Dermatol. 2023;24:809-820. https://doi.org/10.1007/
s40257-023-00783-7

Larson JL, Pino MV, Geiger LE, Simeone CR. The toxicity of
repeated exposures to rolipram, a type IV phosphodiesterase

16.

17.

18.

19.

20.

21.

inhibitor, in rats. Pharmacol Toxicol. 1996;78:44-49. https://
doi.org/10.1111/j.1600-0773.1996.tb00178.x

Dietsch GN, Dipalma CR, Eyre RJ, et al. Characterization of the
inflammatory response to a highly selective PDE4 inhibitor
in the rat and the identification of biomarkers that correlate
with toxicity. Toxicol Pathol. 2006;34:39-51. https://doi.org/
10.1080/01926230500385549

Ford P, Kreuter M, Brown KK, et al. An adjudication algorithm
forrespiratory-related hospitalisation in idiopathic pulmonary
fibrosis. ERJ Open Res. 2024;10:00636-02023. https://doi.org/
10.1183/23120541.00636-2023

Karimi-Shah BA, Chowdhury BA. Forced vital capacity in idi-
opathic pulmonary fibrosis—FDA review of pirfenidone and
nintedanib. N Engl J Med.2015;372:1189-1191. https://doi.org/
10.1056/NEJMp1500526

Maher TM, Stowasser S, Voss F, et al. Decline in forced vital
capacity as a surrogate for mortality in patients with pulmo-
nary fibrosis. Respirology. 2023;28:1147-1153. https://doi.org/
10.1111/resp.14579

Oldham JM, Neely ML, Wojdyla DM, et al. IPF-PRO Registry
Investigators. Changes in lung function and mortality
risk in patients with idiopathic pulmonary fibrosis. Chest.
2025;168:415-422. https://doi.org/10.1016/j.chest.2025.02.018
Raghu G, Ghazipura M, Fleming TR, et al. Meaningful endpoints
for idiopathic pulmonary fibrosis (IPF) clinical trials: emphasis
on ‘feels, functions, survives’ Report of a collaborative dis-
cussion in a symposium with direct engagement from repre-
sentatives of patients, investigators, the National Institutes
of Health, a patient advocacy organization, and a regulatory
agency. Am J Respir Crit Care Med. 2024;209:647-669. https://
doi.org/10.1164/rccm.202312-2213S0O

This is an Open Access article distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted reuse, distribution,
and reproduction in any medium, provided the original work is properly cited. American Journal of Respiratory and Critical Care Medicine 2026 212(5) 972-980
https://doi.org/10.1093/ajrccm/aamag058
Original Research | Interstitial Lung Disease

920z AeN G| U0 1saNnB AQ 00EY6Y8/2.6/S/Z | 2/aI01E/WIDIlE/W0d"dNO"d1WapED.//:SA)Y WOy PapEOjuMOd


https://doi.org/10.1165/rcmb.2024-0614OC
https://doi.org/10.1056/NEJMoa2414108
https://doi.org/10.1056/NEJMoa2414108
https://doi.org/10.1136/bmjresp-2022-001563
https://doi.org/10.1164/rccm.202202-0399ST
https://doi.org/10.1164/rccm.202202-0399ST
https://doi.org/10.1164/rccm.201604-0801CI
https://doi.org/10.1164/rccm.201604-0801CI
https://doi.org/10.1002/14651858.CD002309.pub6
https://doi.org/10.1002/14651858.CD002309.pub6
https://doi.org/10.1007/s40257-023-00783-7
https://doi.org/10.1007/s40257-023-00783-7
https://doi.org/10.1111/j.1600-0773.1996.tb00178.x
https://doi.org/10.1111/j.1600-0773.1996.tb00178.x
https://doi.org/10.1080/01926230500385549
https://doi.org/10.1080/01926230500385549
https://doi.org/10.1183/23120541.00636-2023
https://doi.org/10.1183/23120541.00636-2023
https://doi.org/10.1056/NEJMp1500526
https://doi.org/10.1056/NEJMp1500526
https://doi.org/10.1111/resp.14579
https://doi.org/10.1111/resp.14579
https://doi.org/10.1016/j.chest.2025.02.018
https://doi.org/10.1164/rccm.202312-2213SO
https://doi.org/10.1164/rccm.202312-2213SO
https://creativecommons.org/licenses/by/4.0
https://doi.org/10.1093/ajrccm/aamag058

	Active Content List
	Introduction
	Methods
	Results
	Discussion
	Supplementary material
	Data sharing statement
	Author contributions
	Funding


